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CONVERSION OF ENERGY IN CROSS-SECTIOHAL DIVERGENCES
UNDER DIFFERENT CONDITIONS-OF INFLOW*

By H._Eefers

SUMMARY A
/

This investigation treats of the conversion of energy
in conically divergent channels with counstant openlng ra-
tio and half included angle of from 2.6 to 90°, the veloc~
ity distribution in the entrance section belng varied fronm .
rectangular distridbution to fully developed turbulence by
changing the length of the approach. The energy conver-~
sion is not completed in the exit section of the diffuser;
complete conversion requires a discharge length which de-
pends upon the included angle.and the velocity distridbu-
tion in the entrance sections TFor that reason the effi~
ciency (ratio of rise of pressure energy to difference of
kinetic energy of mean velocity) was determined, once for
the diffuser alore, then with the discharge length neces-
sary for complete conversiow. These efficiencies are, in
part, widely at variaunce, an@ it was found that the veloc-
ity distribution in tize entrance section affects the pres-
sure conversion very profoundly in the diffuser, gl_g_ge_,*
but only very 1ittle in the diffuser with exit length.

A comparison with Gibson's experiments at a greater open-
ing ratio, concedes the efficiency to be dependent on this
ratio, especially for large imcluded angles. Complete
elucidation of this interdependence awaits further inves-—
tigations as comparative quantities, The conversion loss=~

- es proportionate to the losses by sudden divergence (Carnot

loss) are. preferable to the efficiency.-

In order to compare dlffusers w1th dlfferent energy_
dlstrlbutlons, we assume as efficiency of the. diffuser

with entrance length the ratio of actual rise of energy

i e e e bl TR L e . [N . e e — .

*"Energieumsetzung'in Querschnittserweiterungen bei ver-
schiedenen Zulaufbedingungen.! Ingenieur-Archiv, vol.
II, 1931, pp. 92-107.
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to the difference of the mean kinetic. energles (not the

kinetic energy of the mean veloc1t1es) In the extreme

case of developed turbulent profile in the entrance sec-
. tion,. the discrepancy of the so defined eff1c1ency was 5
" percent relatlve to tne flrst :

Lastly, a'spiral fan was mounted in the extrene
length and the effect of the spiral flow on the energy
conversion in the cross-section#l -divergence explored.

The spiral flow was measured so that the efficiency could
be unequivocally defined. A comparison with the efficien-
¢y in pure axial flow reveals a marked increase as the
spiral becomes more intense, :

Soor 7T INTRODUCE ION S

A T

. The ‘results of previous experlments on 01rcular, con-
1cally divergent channels, assume a partlcular signifi-~
‘cané¢é within the scope of the present paper. . Figure 1 is
an aﬁtempt to illustrate the regults of Andres (reference
1), Jof Francis (reference 2), Banninger (refercnce 3), and
Riffart (reference 4) in form of an efflclcnuy mno versus

nalf the included angle G

P = P, *T Pr
'.no .p' _"__2 — =
5(1 - Wz )
whierein: p = :static pressure, W = mean velocity in cross
seétion,flp = density, subscripts 1 and 2 the 'respective-
1y narrow dnd wide cross section, and iPp ='loss due to

wall ‘friction.  '‘These 'data constitute part1al ‘results of -
quite ‘elaborate experiments-that were %o yield the optlmum
_dFf'fuser form., Contributory factors such'd&s fatio of ori-
”flce,‘roughness, attitude of flow in entrance sectlon, i
etc., which influence the conversion of energy,. Were- rot ¢
sufficiently separated from one another or else not accu-

. .rately enough defined to afford conclusive evidéncé of the

individual factors of influence. Consequently, “the- only
. legitimate méthod of representing these data on conical
hdﬁflusers is as fu;ct1on of the included anglse.

Whereas the pr1nc1nle of the experlmental arrange-
ments of the results show= in figure 1 is the same, the
form and size of the chosen constrictions are different.

—————

d
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The. dlfferent types of transitlon change the velocity pro—
,,,flle in the narrowest cross section. .. Andres"experiments
“of changing this profile by installing screens; perforated
- disks, etc., disclosed its considerable influence. Rif-
fart arrived at the same result, He fitted the diffuser,
without previous constriction, directly to a long, straight
pipe, and was, as a result, unable to obtain constant ve-
locity across the whole section. His attempt ended in a
degided impairment. of efficiency. Thus the marked scat-
terlng of the data in figure 1 igs-not at all surprising,¢
ancl esR :
Pz are:\ot uniformly distributed across the. exit section
of the diffuser. Gibson 8. (reference 5) measurements dis-
close the pressure change 'in the. exit. section to..be st111
1noomp1ete, tnat rather a complete pressure conversion re-
qulres a discharge length of from 2 to 6 times ‘the diame--
ter.. These experiments by Gibson are, by.the way, ‘the on-
1y dnes in whlch only. one influencing guantity - the in-
clu&ed angle ~ was systematically changgd. The results
are elsewhere compared W1tb the present experiments.

. PROBLEM

. By.systematic variation of the velocity prof1le be—'
fore the divergence, its influence on the emergy transfor-~
mation is explored. The profile was varied by changing
the entrance length 1 (see fig. 2), and thereby from rec~
tangular (potentlal flow) to fully developed turbulent ve-
loclty profile._ A second problem was the examination of.
tnerlnfluence of spiral flow - a rotation superposed on
the axial flow -~ omn the energy conversion in cross—-sec-

' t10na1 enlargements. The spiral flow was very accurately
defined from the velocity oomponents and the pressure dls—
trlbutlon across the section. S

} ’ This problem of splral flow is of practlcal 1nterest

' for the design of turbine suction plpes. Quite. frequent—
ly the flow emerging from tHe runper still manifests’ spi-
rzls whose- intensity wvaries ([with the. degree. of 1oad1ng.
Andres already attempted to explain the spiral effect: and

“*'recorde&vincpeasedJefﬁdcien T » But his -results. are uncer—
tain since he failed to giv . any exact deflnltlon of the
spiral flow or of the recorded pressure..

'The present experiments were made with pipes of circu-
lar section with straigat conical divergemnces in air for
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ébnstant v¢1ume “of: flow._ “Fh'g 1ncluded angle 23 with
stant cross-sectignar ratlo T /F .was varied between
'2.6 and 3= 90 ; cF ;

EXPERIMENTAL SET-UP (fig. 2)

a b B ' -
. Wk

_ It cons1sted primarily of seamless drawn brass tubes.
Thp quzlé— haped transition with steady but not undue
flare from fan” éonnection to- entrance length,. 6.25 con-
tract;on ratlo,‘lpsured an almést rectangular velocity
dLstrlbatlbn at the mouth of the ‘eéntrance length.,. The

.spiral’ freedom, which stipulates constant static pressure
acrosq the sectlon, was checked. by ststic pressure. survey.

In order to” insure an extens1ve variation of entrance
length, the latter was built up of sections of varying
leng th. By centering the flange. (fig. 3) an almost shock-
free transition from one ‘length to the -other was obtained,
according to the pressure- records taken along the pipse
section, The structural details of the conical pipe sec-~
tion are shown in figure 3., To assure that the surface
of the diffuser, which was made of plaster, was similar to
that of the brass tube, it was coated with shellac and
polished, The V.D.I» standard nozzle No, 1912 in the re-
~turn passage of 1756 mm diameter served to define the mean
rate of flow. R

The static pressure along the test ‘section was sur—
veyed through four 0.8 nit Holes &adh im- ‘every test ‘gsec—
tion with annular compensating chambér (fig. 4). Thé ve-
locity distribution across a sectiod ‘was determined from
the static pressure ‘and the total pressure record as shown
in flgure 4 .

The spiral flow was produced by a guide apparatus
(fan) (f1g.,5) mounted between the entrance length and the.
transition piece from" the" fanisdhnection. The aim was a.
spiral flow w1th'%onstant ahghlarl relocity as with a rigid
bodyi The flow- &Trectlon is given with tan 8. _u/W& .
wherein u = tangentlal componeint;- and w = axial.compor
nent of veloclty. ~The basis of caleculation for the-guide
apparatus, is brlefly as follows: f.If the axial component
w of the flow velocity ¢ ds cogsuqnt across the. segcw

tion, the angular ve1001ty is:s -‘_' - L Doy
= . sy e ko e . _ u'R 1 PR
whaEoa e -1 = ﬁ; ‘_E_W tan 53“ 4 i

*mm X 03937 = in.
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and the tangential component. . u of velocity ¢  becomes.
L 3 : u=% w:_-"tén_ S'R_S'
wbereln :rf?'arbltrarv radius,:'ﬁ plpe rad1us, ug =
tanbentlal veloc1ty at wall. ‘and 5R = angle of flow d1~
rectlon at the wall. The spiral momentum o .

R S T SR .
et vdug~=.2fﬂagzi'* we tan 83 r dr- W

must equal the moment of the llft of the blades'

e AN p - P '. e L :

r d A'='§ wz'cg.z tr dr. <
Hen.-c;e',' i : vl ’,". : L '1;2 . { o b

‘“F Z Cq = 4 10 Tr-tan S
with ¢t = blade_chofd, z = number of blades, and cy =

coefficient of 1ift of blade profile. Constant axial ve-
locities w Dbéhind the guide apparatus are obtained by de-
celerating’ ‘the inner stream filaments through protuberances,
since the absolute velocity ¢ and the pressure p are
greater toward ‘the wall than in the cehter. ' )

3

Example: The value %fz tan 6y = 1 is desired on
the wall of the pipe with radius R = 0. 035 m.  The choice
is =z = 12, ty = 0.04 m, then cgq = 1 1. How the selec-
tion of a c1rcu1ar arc profile with, 'F =.04l1 . blade curva-
ture, reveals the angle of attack o of the profile at ,
a = 3.5° with a 1l/o aspect ratio. Since the tangential

velocity at the blade: itself is half as great as behind -
thae blade, the actual d1rect10n ox flow B is

tan- B '§u = % an SR-
The angle of the blade gxofllo to tihe axis of flow is dis-—
closed at (g + ﬁ) (See fig.'G ) ’

: A more -exact determinatlonfof the sp1ra1 flow before
the dl;fuser requires the neasurement of flow direction,

total pressure, and static pressure at the wall, A suita-
ble instrument is a cylindrical tube of 2 mm diameter with
an 0.3 mm nole on the side. The set—-up was similar to that

of figure 4 but ;lbted w1th a dev1ce permitting the turning
*m X 39,37 = in. '




6 W.A.C:A. Technical Memorandom No. 737

of’tne ‘¢ylindrical tube, . Owing to fhe inaccuracy of the
zero method, i.es., turning of instrument up to maximum
pressure reading, two symmetrical points of the curve

= £(8') were established by pressure comparison in the
zone ‘of..the higher, pressure gradient .and'the slope § of
the. flow. dlrectlon toward the’ tpbe axis defined therefrom.
The total pressure was recorded with the ‘same 1nstrument
by turning it into the’ ‘direction of flow, and the static
pressure through pressure taps in the wall, as before.
The static pressure-on the inside was arrived at mathemat-
jcally because of the experimental difficulties involved.

DEFINITION OF EFFICIENWCY

The conventional, elementary egquation for defining .
the efficiency o on

:fxa E.' _- ‘ B S ~'le%b Tii:ﬁ'i (1)

fails in the comparison of conversion .of energy with arbi-
trary dlstrlbutwon of kinetic energy across the sectlon.‘
. Accordlnb to. tle 1aw of energy 'we_havg_w1tp xqe”abso—
lute velqc1ty c o T

LI

Jo(py +5 ei®) Wy AF « [ (py + g 7)) Wy 4F = By = O

. 2 _
disregarding tie time rate .of change in- velocity if . . .
By 1is the power loss. Thus, beginning with the .purpose
of the diffuser, to change kinetic into potential energy,
thie efficiency is the ratio of the actual rise in pregsure
enarey to the difference in kinetic energies

-3 b | .

i

S pp Wy 4F -/ p, w, 4F

ntotal - Y . .35 B - .
. i L 6.2 w, 4F -/ P, c ws. 4F b
E 2 L 1 9 2 :
LT - (8)
f ‘e‘ Clz Vfl
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The representative trend of the pressure at the wall,
: :illustrated ian figure 7, proves that the pressure conver-
sion is not completed in tiie eéxit section of the diffuser,
l that there is rather a further rise of pressure in the

di'scliarge chaﬂnél..'As a result, two efficiencies can be

deduced, namely: 5 7@
mp for ‘the 'diffuser dlone (ps; “in exit sectiom),

, Mg for the diffuser with the discharge chanmnel
] _ I (szI in section of maximum pressure).

We first freat the case of pure axial flow, for which
‘u = 0 and consequently ¢ = w and pressure-. p = constant
across the section. Then equation (3) becomes

(Pa - Pl) ﬁl Fy

Mtotal ~ & o o To - o (4)
S 5w’ aF -/ 3 wp® aF -
— or, with
Pff m o | " p p
{! J 5 %22 4F = A 7 w,® F, and S 5 We® 4F = 3B 3 wy3 Ty
| B .
Py = Py . By = Py
MNtotal p~—" o = o 7 \f (4a)
Loy “ =2 Y2 . o nit S B
5 W1 A 3 W B 5 T [A B Fo/
A J= R etz i L

The definitioun of the efficiency éolely on the basis of
mean velocity @, ylelds an efficiency in accord with
equation (1) whose connection with Ttotal 1S given in

' R AN
| . S T Tl ¢ o IR
J . n = - - = g - ' 5.
‘\. k TP oa 4 BV Mtotal™" e - (5)
W IR : TR e "' et ‘gz 191;3@:5,?]_-.&\5,3,_ Z\.EQJ‘ 1 ) o . .1 — ‘\FS /

& o T
S e e

_ _For nearly rectangular velocity distributions, i.€a,
2 W = W, A Dbecomes = B ~ 1 and therefore, m = Ntotal

Outside of the rectangular distribution of Velocity the de-—
veloped turbulent distribution produced with sufficiently

¢
- 4

. A L . S ! - .
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long: entrance -length, is more readily amenable to calcula-
tlon” and Ag. therefore given\here.

Prandtl's theorem (reference 6) according to which
ther veloclties at- a Reynolds HNumber of R " 2.X 10°  are
proportionate to the 1/7 power of the wall dlSuance, dis-
closes for the turbulent ve1001ty &1str1but10n

TP S - . -
[T BN R G20 I SO o /7
w r -/

S8 ';f s,ﬂw.nE;;; Kl 1 R"

Whax belng the veloc1ty in uhe axis of the plpe. Then
-the mean veloclty is : :

—

= 0,816, 7"

 Vmax .

gnd the relation of the actual flow of kinetic energy per
second to the flow enerby per second of the mean velocity
is: :

A = —-j QZ\ dF = 1.06.

A hetter approximation* to the test data is obtained
by rounding off the velocity distribution iz the channel
center with

Vmax R _
This equation gives for m = 2,
- TR A
- ———— = 0,875 and A = 1,045, B g .
Wmax : - fetr fw

*rhe only attempt to analyze t:is conversion loss uathemqt—
ically was, as far as I know, made by H. Lorenz, in the
Stadola Jubilee paper, and published in Zeitschrift fur %
Technisclie Physik, vol., 10, 1929, p. 303. Altnough the i
physical argumentation of his theorem does nét-seem uncom-
ditionally cogent, the final result py = % (72 - W)
%.peg ¢ with divergent angles up to 4§ = 10%J”depicts the
results for smooth pipes very woll, - oy :

1
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] As regards the velocity distribution in the discharge _
_channel and conseguently of B, no summary predictions

can be made. But oié result of the present investiga-
tion; is that the velocity distribution in the section of
maximum pressure of the discharge channel is somewhat more
complete than the developed turbulent velocity distribu-
tion and practically independent of the angle of divergence
; and of the distribution in inflow sectlon. The evaluation
E gave o
( L s (TN
R l --.' ~ FB . ?—72/

¥
.

dF = 1.025 to 1,035

"Figuring with a mean. B = 1*03' for turbulent . velocity
distribution in the 1nflow section, and with A=

~u/7 Vmax °
~“(~}" v and - = 0.427 cross-section ratio, we
L \.R =S B R . _ s . i
obtain- i '
-0 = 1,05.
MNtotal

The pressure losses ”pv’ computable from equations
(3) and (B) as Lo

- .2
- A - B (’I T2
B T T NFas n
P 2 . =2 F \2 ’
(w1 = wg™) 1 - (i1}
2 * 2 \F2 /'l

can be divided into wall friction losses p, and conver-

sion losses pPy.* The former can be defined like the )
losses in a straight pipe as _ g

. 3 ", Q _gdl » i
Pr = MF (W) o= (8)
A being the coefficient of pipe friction. For the aif-
fuser with constant angle 24§, we then obtain -.agsuming
A = constant - :

A
<N

pt A

P _ P 4tam &
5‘”1?.‘5“2:2 o

up to the

. and, for the d1s041rce chan nel of 1ength 1y

*See footnote; page 8.
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P —7‘ o
= ' .z caloLe T L R
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section -of .maximum pressure, ;. . .-,
( P'I‘ ] 5 75 2\ '— 1 a:
P -2 P —2 A R

 Taking cognizance of these frictional losses, it yields

. }\, ) (PQ - P]_)I A
Mo; =M1 7 4 tan o - o _ . Ztan s

Tt . . \ ‘
for the”diffuééi'aiohe, and .
(pg ”'fplij);lr

= - = 4
MNo;p = M11 F +
I 4 ¢ S FoN° .. R L —
I an _%\ -1 2 P 2[_1 - ( ]
\Fl/ L i
M M la
4 tan §  p & R,
(%) -+ °7°
\Fi/
for the diffuserﬂwith@@iécﬂa?ge channel. *
for spiral flow}'EQuation (3) giveé;g*-
Y : B o
s n = ) ' I ’
2 total E. T,
p p
s ) 5 c,? Wy dE - J 5 cx® wy 4F
2 dr.,

wherein :c?¢= v + w® and p.= = P{r=o) + f %

For the special case of r1g1d sp1ra1 w = constant
and Ww = W = constant, and efficieuncy can be deduced whose
factors lend themselves more readily to measuremsnt. The

energy is computed as -

7 :
E =/ [P(rﬁo) + pw® r® 4+ g 72 w 4aF
[P(rzo) + % w2 R? 5 g w2l W F = [pR"+_% qu E;E?T?
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so:that tlre energy requation  (2) can be written

v

m = B2 ._ : (8)

mObviously the thus defined efficlency is va11d only for
this assumed sp1ra1 distr1bution and inapp11cable to other
dlstrwbutlons. o . :

. EXPERIMENTS AND INTERPRETATION -

All measurements were made w1th approx1mate1y the same
volume of flow, as stated at the beginning. - The volume was

defined at
Q=cx. F/ %A P .

Ap = pressure gradient at standard nozzle of 175 mm diam-—
eter in the return passage. Since the narrowest section
F of the entrance length happened to equal section F,
of the entrance length, the dynamic pressure of the nean
velocity in section Fl is

The coefficient of flow -a was taken at a' = 0.97 from-
fP a report by Mueller and Peters (reference 7). This dyngm-

i¢ pressure was keépt .constant for all- measurements. %-w =
.K ﬂ‘llz which gave as Reynolds Number for a mean-kinematic
89 viscosity v

. {*I& . U g w, Dy

‘( T - . R — e et e _.-
¢> 8 R = —3 2 x .10°

.a) Preliminsry-.surveys.- Iii-order to avoid flow dis-
turbances beforé. the. diffvser durlnb'ﬂurveys with pitot-
tudes,’ ebeysy: tne.measurements of the veldcity: distribution
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and of the .spiral. flow.were:made: separately for different
entrance 1engths.
s : . ’ . . . r
Figure 8" shows théfﬁelocityﬁdistributions-EJL— = f(=-L
S . w . max \Rq
recorded. in pure axial flow without diffuser. The profile
was symmetrical to the axis ofithe'pipe: -The instruimental .
accuracy was checked with the continuity equation
Fl . e
! f Wl dJF—-Wl Fl'
The mean velocity arrlved at by 1ntegrat10n wag, on the
whole, 1 percent higher than that obtained with the stand-
ard nozzle. Indlsgutable proof of th'e cabse of this dls~
crepabty was not” odbtainedl” It mignt be due to erroneous
measurement of the static pressure through the wall 6ri—
fices,* or it nlvht have been caused by erroneous umeasure-
ment of the total pressure adgacent to the wall. Another
source of error is the inevitable wvelocity fluctuation,
since the pitot tube records the mean value of w2 with
espeect” to t1me and is consequently always greater than

i Ly .
(Wdean) .

From the velocity dlstrlbutlon we deduced the value
A, which compares the’ flow of ¥inetic energy per second
with the product of flow volume W, F, and the kinetic

égergy_ef;peen”velocity "% (ﬁf)

e Ve g }>
By j <W1// dF

In fieure 9, A 1is plotted against entrance 1ength L/Dl.
It also shows the pressure drop in. this 1ength The wall
pressure p relative to dynamic pressure 2 (w,)°% is

shqyn.versus the entrance.length

lToe coefflclent of plpe frlctlon A between 1 = 50
and 60 D; is: - : : :
P R
A= ——E- 3= .0.,0083
p . n .
g

*In G. ﬂuhrmann 8- 'mheoretlscde and experlmertelle Unter—
suchunben an Ballcnuwodellen, Jerrln,,l912 :the measure~--
nments were: made w1t4 aiax 0,8 rm orifice, dlaneter and gave’
‘static pressures avnroxluatelv 0.8 percent too low.
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ThlS flgure agrees with that of Stanton and Pannell (ref-
. erence' 8),,that is, ‘N = 0.008, falrly closely for egual
Reynolds Number.

For spiral flow we determined the flow direction in
the different sections by .the angle of flow direction §
with the pipe axis and the total pressure"pg' and ‘measured
the wall pressure pp. Figure 10 shows the values

B
tan §F == (*—\
w Rl/

for the individuwal sectloﬁs. The lack of symmetry with the
pipe axis is due to inaccuracies in- workmanship of the
guide apparatus, and partly due also to a §light curvature
of the test section as disclosed 1n_subsequent experiments.

... . The static. pressure on the 1n51de ylelded to step~-by-
'step 1ntegrat10n _ : _ i
p=p, + f p.u® QE = p. + 2 f'sin'z 8_(p. - p) "
R r - -FR : B
. R.. LR . .
‘Figures 11-16 give vel6cit§ components uifﬁl and wl/wl
versus ri/Ri. ' The values’ obtalned across a diameter are.
plotted with d1fferent notatlon of the test points agalnst

a’ radius. The solid dots Tefer to one, the rlngs to the‘
other half of the test diameter.

+"The instrumental accéuracy, again checked by comparing
the integration result with that from the .standard n0zz1e,
ranged within -1 percent and +2 percent. :

The flow of energy per second through .each section
with spiral flow, was determined as for axial flow and
equated to the flow energy per second of the mean velocity.
These equations are:

" _ I
) == dF¥, for the kinetic energy,

2
wecwr T ‘F . . e Lo . R L. . ) . e
1.t 'u'-2 w . . »
7o Jo(EN Fi dF, for tae spiral energy,

1 \W1/ W1
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1 1 w -
- f ——EL-‘ - 4F, for the pressure energy,

By P -2 Wy
Fl o . . .
= S 8- X aF, for the total emergy.
Fl p'—2 w1 . '
2™

They are given in figure 17 versus entrance length I/Dl.
. Py

The plot also shows the pressure 5—*7; at the pipe wall
L z ™

Ld ithe e el Plr=o) .+ ina'ni
and the pressure —-=— in the pipe axis.,

5 Wi

b) The actual diffuser tests.~- They revealed the pres-
sure along the test section through holes in the walls, a
case ian point being shown in figure 18. ZFrom these dia-
grams the pressure p, in the entrance section is obtained
by extrapolation of the pressure curve in the entrance
length, the pressure P in the exit section by ‘extrapo-

lation of the pressure curve in the dlscharge channel up
to the discharge section of the diffuser and pressure
Pp77 28 maximum pressure in the discharge channel, (Com~

Ca

pare fig. 17.) . o

- We start w1th an analys1s of the investigation for
pure axial flow. To define fhe efficlency according to
(42)

- Dy Py
Mtotal ~ = g z.l.
P =2 - [t
Ey, © By . :
the quantities o =" ;T are taken conformabdbly to figure
= Wa '
2—1
1 B ow e
18, and A = 5 S €: ; dF conformably to A as func-
:L W
tion of the entrance length (fig. ©).  The value B =
1 E 3
7 2 #i\ aF, wiiclhi corresponds to the flow of kinetic
2 2/

energy per second in section % , wmwust be defined from
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& the yelocity dlstribut1on survey in section %, , which,

oo *-hoquer, ‘is very difficult unliess the flow is orderly.
As, criterion for orderly flow, the start of thé" Iinear
pressure dfdp along the section can be taken, which approx-
imately lies in the section of maximum pressure. The dis-
tance 1l of this section from that of the diffuser exit,
is contingent upon the angle of divergence and on the ve-
locity profile in the entrance section. The p0551b1e in<
fluence of the opening ratio could not be explained by the
present program which was confined to one ratio oanly. TFig-
ure 19 exhibits the requisite discharge lengths up to the
section of maximum pressure 1,/D, as function of entrance

length 1/D;, with the parameter of half included angle
4 as a compensated set of curves. The accuracy 1is to
within 0.5 to 1 3 o

The experimental set-up permitted the measurement of
the velocity distridbution at 1.1 Do, 2.9 Da, 4.7 D2
and 6.6 Dy distance from the exit section of the diffuser.
In these sections the velocity.: dlstrlbutlon was explored
for the diffusers with & = 3,9°%, 7.359, 14.,2°, and 33.5°
with 2.1 D;, 10.1 D;, and 27. 1 D, entrance lengths.
The evaluatioan revealed for the section of maximum pres-
sure a somewhat more complete velocity profile than the
developed turdbulent profile, almost independent of the an- —
gle of divergence aud of the velocity profile in the en-
trance section of the diffuser. To check the instrumental
accuracy, the integrated mean velocity was compared with
the velocity obtained from that of the volume, In the al-
most orderly flow of maximum pressure the error, always
positlve, amounted to +2 percent, and in the unordered
flow,” up to +6 percent. Value B, corresponding to the
flow of energy per second in the section of maximum pres-
sure ranged between ' :

|
t

e

R s
s L o

B = = ) = 1,025 to 1,035

Since the instrumental accuracy was generallv not greater
than ¥1 percent the efficiency

%?‘ : : : (p2 -—.Pﬂ.)II

[k m = _ 2
'7‘,' . total e- 2 N ,/-:F__}_\\, —l
't z ™ \F2/ |

was deflned with a mean 3 = 1.63 for ail included angles
3. (See fig. 20. ) i : '

o=
,

=

®
|
|
|
|
|




g NrX,Guk. Téchnnteal Yend sandin . Foit 3%

.iiBecausé ofstHerinaccurate: measireméqt fnthéeraxit
sectldn dteself, tHe determidatidaof ViIB- fervtHis . éeétlon
wasLamxtted ‘and--the- efflclency 51mnIy definedkaeowrdlng

*ide(S) S s s - e ivnloL-dN

_nOI =.ni£f T

. R R O VL A L !
A S ERR A Y RN R ST

(figé; =21 vard: - 22). For comparlsmn‘tne simmlarlv defined
efficiencies of diffuser w1th dlscharge channel : "

‘are used (flE. 23) to illusﬁraté‘the energy that i's 1ost
1nwbhe ‘a¥sence Of7 e - dischargé chaﬁnei."Figure 24 shows
-“OI ‘as funct10n~of half 1nc1ude& anglé S— for different

entrance 1en ths.-Glbso 's eyperlments, clt@d.at the: ee—:
_.__:-glnnln of tn 5 aLtlcle, Were. ﬂade with 8Dy entrance. .

Tetigth and” f = 470 “ratio, and are 1n€1uded Ln figure:f
25, The comp irison clearly shows that- fhe eff1c1eﬂcy even
with small anzgles ¢ is not, as Irequedtlvrassumed inde~
pendent of LQ/El,n=althaugh the efflcleﬁcy is ‘'not quite
suitable for the comparison of diffusers of different
rz/Fl.h It is Dbetter to use the specific gonversion lass ;

Dy &S comparatlve quantlty and to refer 1txto-$ap 1oss

at the sudden sectional dlvergencc § = 90° The loss at
S = 90° (Carnot‘s los Y is, accordlng to the momentum
/ theory : ST
ﬁ) ( —_ )2 - P fel 2 /-ﬂ \
pu(§ 90°)" 2 Wl T Ve IR \Fz/ ’

{
- - [N L. P .
: FELIAN

NAF AR 2. I - T A &

PRUS PR




The potent1al energy in the entrance sectlonyn
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so long as the thereby stlpulated assumptlon of" constant

pressure “adross the particular sections holds’ true. In
'the present comparative case it gives

p e s ESEER
PRIV S SV SN

1_/3_’-\

- Py .';'{ o ID WSO -z NFad
o, _ II ,
.2 (¥, = wﬂ) ' 1 = =) o
e , ' _:.; . _ et et Tt P : FZ./
because A - B ( > 1 - (f§> with entrance length
. —l’ ] . - . cA e e, ‘ PEUREIY .. .t . -r . .
D, _ p : R -
- 5 (7 - W) - '
¥, . . F
%«9 for f&-= 2134 and- F2 "4,0 ratio. Here the accord
1 1

of the two tests is :much better; for § = 907 :the curves
approach,the_theqregicallvalue, 1l wvery closely.

The diffuser tests with spiral flow included three difw
ferent spacings. of. the. dlffuser from the spiral fan -
27.1. Dl,' 4l.1, Dl, and. 60,1 D, - that is, three different -
spiral forms. The 1nterpolat&on of flgure 10 yielded the
spiral distribution tan § = EL (fig. 27) 'for these thres

eantrance lengths.ﬁmThé wall. pr;ssure pg was recorded
through taps along the test gection, and the total pressure
and the direction of flow defined in & section I, at 2.9 D
distance from the exit scction of the diffuser. Step-by-
step integration 6f the pressure

. X . . d e o oep
pe = pg. t/ poug? LY <
2 - T D
. B o
then cqpceded : S
. j p2 W5 d7 . as well as [ ) ca” wg'dF,-

N t o

: o i , - g
J pi wy, 4F = Pp. W1 B~/ w1< of p u® = - u? SE)ar
can be determlned from the pressure record PR at the

'wall and the dimens1onless-




18. N.A.éLA:fTeﬁhniqgl Memorandun No. 737.

u}n--. +

- 4 [ ] - Ly
EF Bgpens Plesg)s oy T
P cElrEedr g S o—— e Py
P p 1 P = w ’
;T® 5 g ™o
of figure 17. The kinetic energy in entrance section

0 .
) J ¢, w, @F is attainable forthwith fron

’
A

1 1, ,eNB oWy : >
—— frei{==)Y == 4F of figure 17 by multiplication with
. o p — 2 : T
w, ¥, 3 w,”. The efficiencies computed from these values
in,e cordance with (3)
| Fa Fy
S P, W dE -/ p, w, 4F
n = '
total %-p 3 - E,
_[ 5 c.® w, dF— 5 J es® w, 4F
dre shown for 27.1 Dy, 41.1 Dy, and 60.1 D, dlf;user

'épac1nv vérsus 49 1n figure :28-along with the t0ta1 ef-
flClenCIGS (equat1on (4))

for irrotational flow with 2D, eantrance length. These
gfficiencies are valid only for the diffuser fitted with
entrance length. The determination of other eff101enc;es,
say, according to equation (8), wherein only the wall-’
pressure and Fg,Fl are evaluated, was omitted, because
the conditions W = constant and w = W could in no case
be exactly complied with, The efficlency for the diffuser
alone was also omitted because the measurement of the ve-
locity aistribution and of the flow direction dlrectly in
the exit section involves great obstacles and even the ex-
trapolation of the wall pressure'up to the exit section
engenders greater inaccuracy as a result of the marked
pressure gradient, escecially with large J.

The distance la/D2 of the section of maXimum pres-
sure from the discharge section of the diffuser is shown
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in figure 29 plotted against %w& for the three explored

. spiral flows. - , -

Translation by J. Vanier,
National Advisory Committee
for Aeronautics. :

.l.

3

4,

8.
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Figure 6. - Angle of attack

of blade profile
to axis of flow.
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